Introduction
============

Human cognition (e.g., thought, emotion) drives bodily action and can also be affected by the action and its entailed somatosensory input. Such aspects of cognition formed by the body are called as embodied cognition ([@B31]; [@B2]; [@B25]). For example, after filling out a questionnaire attached to a clipboard, people who had a heavy clipboard estimated social problems to be more serious compared with those who had a light clipboard ([@B22]). In another scenario, people who held a hot beverage felt more social proximity to a known other compared with people who held a cold beverage ([@B18]). As such, somatosensory input representing physical weight and warmth may affect the importance of a problem and the psychological warmth of others, respectively. An underlying mechanism of embodied cognition is a metaphorical relationship between concrete and abstract concepts. In the above examples, the concrete concepts of physical weight and warmth are metaphorically associated with the abstract concepts of importance and psychological warmth. Humans are able to understand various abstract concepts in the mental and social worlds by associating them with corresponding concrete concepts through somatosensory information from bodily action and external stimuli ([@B2]; [@B27]).

The concept of space, such as up or down, can represent emotional valence and power as a metaphor. Up represents goodness, strength, and joyful, whereas down represents the opposite as in the examples "He moved up the rank," "My friend has been feeling down." These metaphorical expressions are seen in various languages besides English ([@B29]). Indeed, such metaphorical association can influence cognitive performance. For instance, upward visual attention activates a concept of "up" associated with positive valence and consequently engenders a faster response to positive stimuli (e.g., word) ([@B30]; [@B35]). On the contrary, after being presented positive words on the center of display, the reaction time to a cue at the top of the display becomes faster ([@B44]). This "metaphor congruency effect" promotes cognitive processing that occurs when two concepts are in a corresponding metaphorical relationship (e.g., upward--positive). Furthermore, bodily movements can serve as a trigger of space--valence metaphor congruency effect and change the ongoing and subsequent processing of emotional stimuli. For instance, moving objects upward or downward can concurrently promote recollection of positive or negative autobiographic memory ([@B6]), and sensation of upward self-motion (i.e., upward vection) induced by moving gratings can promote recollection of positive memories ([@B39]). Hence, vertical bodily movements and their related sensory input may affect the simultaneous and/or subsequent emotional processing.

Humans do not only predict future events from present and past stimuli but also retrogradely reorganize perceptions and interpretations of past stimuli by later stimuli, in a process called "postdiction" ([@B40]). For example, when a dot is flashed once at a position vertically aligned with another smoothly and horizontally moving dot, the flashed dot is perceived at a lagged position relative to the moving dot position, despite the two dots being in the same vertical position at the flashing moment ([@B11]). In this "flash-lag illusion," the moving dot's motion signals, within a time window of ∼80 ms *after* the flashed dot, are used to generate the percept of the relative position of the moving dot when flashing ([@B12]). In addition to the postdictive perception in a short time scale, athletes who won a match tend to reconstruct their prediction of performance reported before the match as more positive, and vice versa ([@B40]). Thus, postdiction can be observed even in a relatively long-time scale.

Based on theory of embodied cognition and metaphor congruency effect, [@B36] hypothesized that if postdiction can also occur in emotional processing, the emotional valence of visual stimuli would be reconstructed by the subsequent "vertical" information activated by bodily movements. In their experiments, participants were instructed to move a dot on a touch panel (virtually, participants' hand) upward, downward, leftward, or rightward after the presentation of visual stimuli representing positive, negative, and neutral emotions. Finally, the participants rated the valence of the stimuli. Their results showed that, when moving the dot upward, the stimuli were rated as more positive than in those conditions where there were horizontal movements, regardless of the valence of the stimuli (i.e., valence rating scores for positive, negative, and neutral images were biased to be more positive). Conversely, in the moving down condition, the stimuli were rated as more negative compared with those in the horizontal conditions. Therefore, the perceived valence of emotional visual stimuli can be postdictively or retrospectively reorganized by the vertical bodily movements that metaphorically corresponded to emotional valence.

Nevertheless, the underlying mechanisms of the metaphorical, postdictive modulation of emotional valence by bodily movements ([@B36]) have yet to be fully understood. Specifically, it remains unclear whether this effect is limited to be postdictive or can be generalized to the predictive or prospective effect. To our knowledge, no study has investigated the effect of motor action on subsequent emotional processing of visual stimuli. Furthermore, the prerequisites for this postdictive effect have not been determined. [@B36] showed that a substantial temporal discrepancy (i.e., 2-s delay) between emotional stimuli and the following vertical action nullifies the emotional modulation effect, suggesting that temporal proximity between stimuli and movement is a prerequisite. However, the crucial temporal relationship, among visual stimuli, movements, and the following retrospective evaluation, has not been identified.

Therefore, the present study conducted two experiments according to the experimental paradigm in [@B36], to extend their findings. In Experiment 1, we investigated the relationship between vertical manual movements and perceived emotional valence of visual stimuli not only in the condition with action *following* visual stimuli but also in the condition with action *preceding* visual stimuli. If the action corresponding to space--valence metaphor affects the perceived valence of stimuli regardless of the temporal order of stimuli and action, it will be perceived as more positive and negative by upward and downward manual movements, respectively, in both conditions. Additionally, as upward and downward arm movements can alter the perceived valence of emotional images, regardless of their actual valence ([@B36]), we expected that this image valence-independent effect would also be observed in the present study. In Experiment 2, we tested the influence of temporal proximity between stimuli, action, and evaluation on metaphorical emotional modulation, by inserting 2-s intervals between stimuli and action, or between action and evaluation.

Experiment 1
============

Materials and Methods {#s1}
---------------------

### Participants

Thirty-nine healthy Japanese undergraduates participated for monetary compensation of 500 Japanese yen (∼4.5 US dollars). Four participants were excluded from the analysis because their number of error trials (see "Procedures") exceeded 2 SD from the mean. Finally, data from 18 participants in the retrospect condition (13 females; mean age 19.7 years, *SD* = 1.25) and 17 in the prospect condition (9 females; mean age 20.3 years, *SD* = 1.57) were analyzed. All reported that they were right-handed and had normal or corrected-to-normal visual acuity. The sample size was determined based on *a priori* power analysis using G^∗^Power ([@B13]) version 3.1.9.3 for a one-sample, two-tailed *t*-test to check the effect of upward and downward manual movements on emotional valence rating. The power analysis indicated that at least 16 participants were required for a statistical power of 0.90, assuming an effect size Cohen's \|*d*\| of 0.88 and 0.90, reported by [@B36], and Type I error probability of 0.05. This study was carried out in accordance with the recommendations of the ethical committee of the Graduate School of Arts and Sciences, The University of Tokyo. The protocol was approved by the ethical committee of the Graduate School of Arts and Sciences, The University of Tokyo (approval number: 468). All participants gave written informed consent in accordance with the Declaration of Helsinki.

### Apparatus

Visual stimuli were presented on a 24-inch liquid crystal display monitor (V242, Hewlett Packard, Palo Alto, CA, United States) with resolution of 1920 × 1080 pixels and refresh rate of 60 Hz. Participants viewed the monitor at a distance of approximately 57 cm with a chin rest. A joystick (Cyborg V1, Mad Catz, Hong Kong) was installed on a board along with a coronal plane parallel to the participants' coronal plane. Participants could move the joystick with their right hand in all orientations on the coronal plane. The joystick was placed on the right side of the participants' visual periphery (i.e., without direct obstacle to the visual stimuli). The setup (**Figure [1](#F1){ref-type="fig"}**) followed the one used in a previous study on the relationship between space--valence metaphor and manual action ([@B37]). Participants responded using a standard QWERTY keyboard with their left hand. Stimulus presentation and response collection were controlled by MATLAB R2016a (MathWorks, Natick, MA, United States) with Psychophysics Toolbox 3 ([@B4]; [@B33]; [@B23]) running on a Windows 10 computer.

![Schematic of experimental setup. In the actual experiment, the participant's chin was placed on a chin rest.](fpsyg-09-01927-g001){#F1}

### Stimuli

Visual stimuli included a fixation dot, action cues, emotional images, and a rating scale, and were presented on a gray background (**Figure [2](#F2){ref-type="fig"}**). The chromatic and luminance parameters of stimuli followed those in a previous study ([@B36]). The fixation dot was a solid white circle (0.3° diameter) and presented at the center of the monitor. The action cues consisted of the fixation dot, a solid black dot (0.3° diameter), and rectangles. The black dot was superimposed onto the fixation dot and could be moved by the joystick. Each of blue- and red-colored solid rectangles were placed on the top and bottom ends or the left and right ends on the monitor. The rectangles subtended by 7.2° × 51.9° when displayed on the top and bottom ends, whereas they subtended by 32.4° × 17.8° when displayed on the left and right. The rectangles were presented at a distance of 11.4° from the center of the monitor.

![Schematic of trials in Experiment 1. In **(A)** the retrospect and **(B)** prospect conditions, action cue followed or preceded the presentation of emotional image, respectively.](fpsyg-09-01927-g002){#F2}

Twenty images from each of positive, neutral, and negative affective categories in the International Affective Picture System (IAPS) ([@B26]) were derived (**Table [1](#T1){ref-type="table"}**). Each image subtended by 12.8° × 16.8°. The IAPS images used by [@B36] varied in size; we chose images with a fixed size to eliminate potential confounding factor. The fixation dot was superimposed at the center of the image. To confirm that three image categories varied in the emotional valence rating scores but were comparable in the arousal rating scores, we performed an analysis of variance (ANOVA) with a factor of *Image category* on the valence and arousal scores. The results showed a significant effect of *Image category* \[*F*(2, 57) = 634.1, *p* \< 0.01, $\eta_{p}^{2}$ = 0.96\]. Comparison between image categories with Bonferroni correction revealed that the valence score of positive stimuli was higher compared with neutral \[*t*(57) = 17.77, *p* \< 0.01, *d* = 5.62\] and negative stimuli \[*t*(57) = 36.46, *p* \< 0.01, *d* = 11.53\], and that the score of neutral stimuli was higher compared with negative stimuli \[*t*(57) = 17.86, *p* \< 0.01, *d* = 5.65\]. There was no difference in arousal scores between image categories \[*F*(2, 57) = 1.37, *p* = 0.26, $\eta_{p}^{2}$ = 0.05\].

###### 

Images from the International Affective Picture System (IAPS) used in Experiments 1 and 2.

                      Image category                          
  ------------------- ------------------- ------------------- -------------------
                      1440, 1604, 1750,   1390, 1560, 1670,   2455, 2490, 2750,
                      1920, 1999, 2150,   1947, 2020, 2025,   2800, 2900, 6242,
                      2398, 5200, 5700,   2220, 2690, 2850,   9000, 9041, 9110,
  IAPS number         5760, 5830, 5831,   5395, 5532, 5661,   9220, 9280, 9290,
                      5982, 7280, 7330,   5920, 7182, 7188,   9330, 9342, 9390,
                      7508, 8420, 8497,   7211, 7351, 7484,   9435, 9471, 9830,
                      8501, 8540          7503, 7620          9902, 9925
  Mean valence (SD)   7.63 (0.34)         5.41 (0.44)         2.77 (0.48)
  Mean arousal (SD)   4.63 (0.82)         4.33 (0.76)         4.70 (0.66)

The rating scale, from -3 to +3, was written with white lines (vertical lines, 1.2°; horizontal line, 11.4°), also presented at the center of the monitor. When participants chose a number, a solid white dot (0.3° diameter) moved to the intersection of the vertical and horizontal lines under the selected number.

### Procedures

The experiment was individually conducted in a quiet darkroom. Participants sat at the designated seat and then manipulated the joystick with their right hand and the keyboard with their left. Before the experiment, the participants controlled a black dot on the screen freely, using the joystick for 10 s, to get accustomed to the apparatus. A trial (**Figure [2](#F2){ref-type="fig"}**) began by pressing the space key during the presentation of "start" on the screen. At first, the fixation dot was presented for 500 ms. Then, in the retrospect condition, the emotional image was displayed for 500 ms followed by the action cue; in the prospect condition, the action cue was followed by the emotional image. The action cue was presented for 1,500 ms or until the participants moved the black dot to either target or non-target area. At the end of the trial, the participants were asked to rate the emotional valence of the image using a seven-point Likert scale ranging from -3 (strongly negative) to +3 (strongly positive) with the keyboard. Negative values were displayed on the left side of the screen and positive values were on the other side for all participants.

The experiment consisted of a vertical and a horizontal session. Each participant in the retrospect- and prospect-condition groups completed both sessions. The session order was counterbalanced across participants. In the vertical session, the target area was displayed on either the top or bottom of the screen (i.e., upward or downward condition, respectively), and the non-target area was displayed on the other side. As such, the participants were required to move their right arm up or down to move the black dot upward or downward on the screen. In the horizontal session, the target area was displayed on the left or right of the screen (i.e., leftward or rightward condition), and the non-target area was displayed on the other side. The horizontal session was considered to provide a baseline measure by collapsing responses under leftward and rightward conditions. The color of the target area (i.e., blue or red) was fixed per participant but counterbalanced across participants.

Each session included 20 practice trials and 60 main trials. In the practice trials, a neutral image, which was not used in the main trials, was presented. In the main trials, 30 images (i.e., 10 each of positive, neutral, and negative images) were randomly chosen from the set of 60 images and then presented in a randomized order according to one condition; the other 30 images were used in the other condition. The order of conditions was also randomized within a session.

### Data Availability

All datasets analyzed for this study are included in the **Data Sheet [S1](#SM1){ref-type="supplementary-material"}** of the **Supplementary Material**.

Results
-------

We excluded from the analyses error trials where the black dot did not reach the target area within 1,500 ms or reached the non-target area (1.3% of trials in total). We performed an ANOVA with *Direction* (i.e., upward, downward, leftward, and rightward arm movements) as a within-participant factor and *Order* (i.e., retrospect and prospect) as a between-participant factor on the averaged valence rating for emotional images. There was a significant main effect of *Direction* \[Greenhouse--Geisser corrected, *F*(2.34, 77.14) = 3.35, *p* = 0.03, $\eta_{p}^{2}$ = 0.09\]; however, we did not find the main effect of *Order* \[*F*(1, 33) = 3.13, *p* = 0.09, $\eta_{p}^{2}$ = 0.09\] and their interaction \[*F*(2.34, 77.14) = 1.65, *p* = 0.19, $\eta_{p}^{2}$ = 0.05\]. *Post hoc* planned comparisons using Tukey's test revealed no differences in valence ratings between leftward and rightward movements in the retrospect and prospect conditions \[*t*(99) = 0.56, *p* = 0.99, *d* = 0.11; *t*(99) = -0.91, *p* = 0.98, *d* = -0.18, respectively\]. Thus, in the following analyses, averaged data of the leftward and rightward conditions (hereafter, "horizontal condition") served as a baseline measure.

To investigate whether the manual action of moving the dot upward and downward biased the valence ratings, we calculated the valence bias score by subtracting the averaged score in the horizontal condition from that in the upward condition (i.e., upward bias) and downward condition (i.e., downward bias) ([@B36]). The positive and negative values of the valence bias score indicated that the perceived valence of the emotional images was modified as more positive and negative owing to vertical manual movements, respectively.

Average and individual data for valence bias scores are summarized in **Figure [3](#F3){ref-type="fig"}**. To test for significant upward or downward bias, we performed one-sample, two-tailed *t*-tests against zero. In the retrospect condition, there was no significant upward bias \[*t*(17) = 1.52, *p* = 0.15, *d* = 0.51\], although we found a significant downward bias \[*t*(17) = -2.69, *p* = 0.02, *d* = -0.90\]. The results suggested that downward movement made the perceived emotional valence of the image more negative. In the prospect condition, upward and downward biases were comparable to zero \[upward: *t*(16) = 0.87, *p* = 0.40, *d* = 0.30; downward: *t*(16) = -0.09, *p* = 0.93, *d* = -0.03\]. Furthermore, ANOVA with the factors of *Direction* (upward, downward) and *Order* (retrospect, prospect) on valence bias scores revealed a main effect of *Direction* \[*F*(1, 33) = 5.88, *p* = 0.02, $\eta_{p}^{2}$ = 0.15\] but not effect of *Order* \[*F*(1, 33) = 0.55, *p* = 0.46, $\eta_{p}^{2}$ = 0.02\] and their interaction \[*F*(1, 33) = 2.05, *p* = 0.16, $\eta_{p}^{2}$ = 0.06\]. *Post hoc* planned comparisons using Bonferroni correction revealed a significant difference between upward and downward movements in the retrospect condition \[*F*(1, 33) = 7.66, *p* \< 0.01, $\eta_{p}^{2}$ = 0.19\] but not in the prospect condition \[*F*(1, 33) = 0.48, *p* = 0.49, $\eta_{p}^{2}$ = 0.01\]. Finally, to further ensure the null effects of vertical movements in the prospect condition, we performed the Bayesian one-sample two-tailed *t*-test (i.e., null hypothesis: bias score = 0) with the Cauchy prior width of 0.707 using JASP 0.8.6 (JASP [@B20]). Results of the Bayesian analysis provided the Bayes factor (BF~01~; for detailed results, see **Supplementary Figures [S1--S8](#SM2){ref-type="supplementary-material"}** in the **Data Sheet [S2](#SM2){ref-type="supplementary-material"}** of the **Supplementary Material**. For example, BF~01~ of 3 indicates that the observed data are three times more likely to occur under the null hypothesis than the alternative hypothesis. We interpreted \> 3.00 BF~01~ value as substantial evidence of null hypothesis, 1.00--3.00 BF~01~ value as weak evidence of null hypothesis, 0.33--1.00 BF~01~ value as weak evidence of alternative hypothesis, and 0.10--0.33 BF~01~ value as substantial evidence of alternative hypothesis ([@B21]). The null effects of vertical movements in the prospect condition were supported by weak and substantial evidence for the null hypothesis; upward movement: BF~01~ = 2.88; downward movement: BF~01~ = 4.00. In contrast, the effect of downward movement in the retrospect condition was suggested by substantial evidence of the alternative hypothesis (BF~01~ = 0.27) while we obtained weak evidence of the null hypothesis for the upward movement (BF~01~ = 1.52). In sum, these results suggest that vertical arm movements following but not preceding observation of emotional images modulated the perceived valence of the images.

![Valence bias score by upward and downward movements in the retrospect and prospect conditions of Experiment 1. Error bars show the standard error of the mean across participants. Open circles represent each participant's data. The asterisk represents significant difference between the mean score and zero (*^∗^p* \< 0.05).](fpsyg-09-01927-g003){#F3}

Based on visual inspections of **Figure [3](#F3){ref-type="fig"}**, one might notice potential outliers (e.g., a very low score in the upward, prospect condition), which would cause doubt concerning any confounding effects that could result in a null effect of the vertical arm movements. However, we have confirmed that statistically comparable results were obtained from the analyses with and without four outliers (for details, see **Supplementary Figures [S9--S13](#SM2){ref-type="supplementary-material"}** in the **Data Sheet [S2](#SM2){ref-type="supplementary-material"}** of the **Supplementary Material**).

Discussion
----------

Our results indicated that vertical manual movements could affect the perceived valence of emotional images when the action was performed after, but not before, the observation of the emotional images. As such, bodily movements corresponding to space--valence metaphorical association may retrospectively, but not prospectively, modulate our visual experience of emotional valence. Our findings support and extend those in [@B36], while also contradicting them. That is, we found only the biasing effect of downward movement, whereas [@B36] showed both upward and downward biases. We speculated that a methodological difference might have caused the different results. In their experiment, visual stimuli were presented on a touch panel; participants reached their hand forward and moved it on the surface of the panel. In our experiment, participants held the joystick at a space near their shoulder. One potential explanation for the null effect of upward movement is that the difficulty of upward arm movement owing to arm posture and/or the weight and stiffness of joystick may have interfered with the metaphorical and emotional modulation by upward movement, although the upward movement itself has been accomplished in all analyzed trials.

Our *post hoc* analysis revealed that downward arm movements also had a specific effect by which the perceived negative valence of negative images was enhanced retrospectively. As space--valence metaphor postulates specific associations, such as down--negative ([@B30]; [@B6]; [@B35]; [@B39]; [@B44]), it may be reasonable that the space--valence metaphor activated by movement with a certain direction influences only the stimuli with corresponding emotional valence. Nevertheless, this downward-specific effect may not be powerful such that the positive stimuli are rated as less positive.

Why do vertical movements performed "after" the visual experience of emotional stimuli modulate the perceived valence of the stimuli? The null effect found in the prospect condition suggests that space--valence metaphor activated by a preceding action does not affect the following visual experience of emotional valence. Thus, the visual emotional experience might be modified by the activated space--valence metaphor on a retrospective stage of recalling and evaluating past perceptions and impressions. If so, this retrospection may be deteriorated by a substantial temporal discrepancy between emotional stimuli, metaphorical bodily movements, and retrospection (e.g., rating), consequently nullifying the effect of the vertical movements on the perceived emotional valence. Specifically, we hypothesized three potential underlying mechanisms. First, temporally proximate visual information (i.e., emotional images) and motor information (i.e., vertical movements activating space--valence metaphor) would be bound at the following stage of evaluation (i.e., valence rating), resulting in biased recollection of the visual information. Second, temporal proximity between vertical manual movements and subsequent evaluation would be necessary so that the movement could bias the immediately subsequent evaluation. Third, temporal proximity between visual information, manual movements, and the subsequent evaluation would be necessary. Indeed, [@B36] already reported that vertical manual movements do not influence the perceived valence of emotional images in the condition with temporal interval of 2 s between the images and movements (valence rating immediately followed the movements). As such, the first and/or third hypothetical mechanisms may be plausible, while the second may not. Therefore, it remains still unclear whether temporal proximity between emotional stimuli and manual movements itself is sufficient for the effect, or whether proximity between stimuli, movements, and evaluation is required.

To this end, in Experiment 2, we examined how temporal proximity between emotional images, vertical manual movements, and valence rating influences the retrospective metaphorical modulation effect on emotional experience by vertical manual movements corresponding to space--valence metaphor. The methods were identical to the retrospect condition in Experiment 1, except that we inserted 2-s temporal intervals between emotional stimuli and movements \[i.e., image--action condition; similar to [@B36]\], and between movements and valence rating (i.e., action--rating condition). If proximity between emotional stimuli and manual movements is crucial, metaphorical modulation effect would be observed in the action--rating condition but not in the image--action condition. Meanwhile, if proximity between emotional stimuli, movements, and evaluation is required, the effect would not be observed in both conditions.

Experiment 2
============

Materials and Methods {#s2}
---------------------

### Participants

Thirty-two healthy right-handed Japanese undergraduates participated for monetary compensation. None of them participated in Experiment 1. Three participants were excluded from the analysis because their number of error trials exceeded 2 SD from the mean. Finally, data from 15 participants in the image--action condition (six females; mean age 19.5 years, *SD* = 0.99) and 14 in the action--rating condition (one female; mean age 19.6 years, *SD* = 0.76) were analyzed.

### Apparatus and Stimuli

Identical to those in Experiment 1.

### Procedures

The task and procedure were identical to the retrospect condition in Experiment 1, except that 2-s intervals were inserted either between the presentation of emotional images and action cues (i.e., image--action condition) or between action cues and valence rating (i.e., action--rating condition), as illustrated in **Figure [4](#F4){ref-type="fig"}**. A gray screen and a white fixation dot were displayed during the blank interval. The participants were assigned to either the image--action or action--rating condition. The duration of the blank interval was in accordance with that in a previous study ([@B36]).

![Schematic of trials in Experiment 2. In **(A)** the image--action and **(B)** action--rating conditions, an interval of 2 s was inserted before or after the action cue, respectively.](fpsyg-09-01927-g004){#F4}

Results
-------

Trials in which the black dot did not reach the target area within 1,500 ms or reached the non-target area were excluded (2.2% of trials in total). We performed ANOVA with *Direction* (i.e., upward, downward, leftward, and rightward arm movements) as a within-participant factor and *Interval* (i.e., image--action and action--rating) as a between-participant factor on the averaged valence rating for emotional images. There was a significant main effect of *Direction* \[*F*(3, 81) = 3.03, *p* = 0.03, $\eta_{p}^{2}$ = 0.10\] but no main effect of *Interval* \[*F*(1, 27) = 4.17, *p* = 0.05, $\eta_{p}^{2}$ = 0.13\] and their interaction \[*F*(3, 81) = 1.24, *p* = 0.30, $\eta_{p}^{2}$ = 0.04\]. *Post hoc* planned comparisons using Tukey's test revealed no differences in valence ratings between leftward and rightward movements in the image--action and action--rating conditions \[*t*(81) = 1.52, *p* = 0.80, *d* = 0.34; *t*(99) = -0.93, *p* = 0.98, *d* = -0.21, respectively\]. Hence, leftward and rightward conditions were collapsed into the horizontal condition as a baseline index.

Average and individual data for the bias scores are summarized in **Figure [5](#F5){ref-type="fig"}**. In the image--action condition, upward and downward bias scores did not significantly differ from zero \[upward: *t*(14) = 1.53, *p* = 0.15, *d* = 0.56; downward: *t*(14) = -1.72, *p* = 0.11, *d* = -0.63\]. In the action--rating condition, there were also no such biases \[upward: *t*(13) = 1.17, *p* = 0.27, *d* = 0.44; downward: *t*(13) = -0.61, *p* = 0.56, *d* = -0.23\]. To ensure the null effects of vertical movements, we performed the Bayesian one-sample two-tailed *t*-test (null hypothesis: valence bias score = 0) as in Experiment 1. The null effects in both tasks were supported by weak and substantial evidence for the null hypothesis; upward in image--action condition: BF~01~ = 1.47; downward in image--action condition: BF~01~ = 1.15; upward in action--rating condition: BF~01~ = 2.08; downward in action--rating condition: BF~01~ = 3.14. Furthermore, ANOVA with the factors of *Direction* (upward, downward) and *Interval* on valence bias scores revealed a main effect of *Direction* \[*F*(1, 27) = 5.47, *p* = 0.03, $\eta_{p}^{2}$ = 0.17\] but no effect of *Interval* \[*F*(1, 27) = 0.87, *p* = 0.36, $\eta_{p}^{2}$ = 0.03\] and their interaction \[*F*(1, 27) \< 0.01, *p* = 0.95, $\eta_{p}^{2}$ \< 0.01\]. *Post hoc* planned comparisons using Bonferroni correction revealed no significant difference between upward and downward movements in the image--action and action--rating conditions \[*F*(1, 27) = 3.00, *p* = 0.10, $\eta_{p}^{2}$ = 0.10; *F*(1, 27) = 2.49, *p* = 0.13, $\eta_{p}^{2}$ = 0.08, respectively\]. In sum, space--valence metaphorical effect did not emerge in both conditions.

![Valence bias score by upward and downward movements in the image--action and action--rating conditions in Experiment 2. Error bars show the standard error of the mean across participants. Open circles represent each participant's data.](fpsyg-09-01927-g005){#F5}

As in Experiment 1, one might doubt the confounding effects of potential outliers resulting in null effects of the vertical movements. We have confirmed that comparable results were obtained from analyses with and without four outliers, leading to the same conclusions (see **Supplementary Figures [S9](#SM2){ref-type="supplementary-material"}**, **[S14--S17](#SM2){ref-type="supplementary-material"}** in the **Data Sheet [S2](#SM2){ref-type="supplementary-material"}** of the **Supplementary Material**).

Discussion
----------

The retrospective effect of space--valence metaphor activated by arm movements did not appear when a 2-s interval was inserted between the emotional image and action and between the action and valence rating. These results are consistent with previous findings ([@B36]) and also extend them by demonstrating that temporal contiguity between emotional image, action, and recollection/evaluation of the image is essential for the retrospective emotional modulation by metaphorical movements.

General Discussion
==================

The two experiments in this study aimed to extend the findings in [@B36]; the experiments showed results partially similar to theirs. Experiment 1 suggested that vertical manual movements corresponding to the space--valence metaphor (e.g., down--negative) had retrospective influence on perceived valence of emotional visual stimuli: downward manual movements following visual stimuli modified the perceived emotional valence of the stimuli more negatively. Nevertheless, the influence of the manual movements was observed only for downward movements but not in upward movements, inconsistent with [@B36]. Importantly, we showed that manual movements *preceding* visual stimuli did not modify the perceived emotional valence, suggesting that metaphorical action retrospectively, but not prospectively, alters emotional experience. In Experiment 2, when time intervals of 2 s were inserted between the stimuli and manual movement or between the manual movement and valence rating, the influence of the vertical manual movements was nullified, suggesting that retrospective emotional modulation requires temporal proximity between emotional stimuli, metaphorical movements, and *post hoc* valence rating.

Retrospective but Not Prospective Effect of Metaphorical Action
---------------------------------------------------------------

Our findings, consistent with [@B36], showed that vertical manual action corresponding to space--valence metaphor, which was performed after emotional stimulus, affected valence rating. In addition, we showed that this effect was limited to retrospective situation; that is, manual action performed before the stimulus did not affect valence rating. Hence, the manual action corresponding to and activating space--valence metaphor may modulate emotional visual experience retrospectively.

As instances of prospective influences of bodily movements on later perceptual experience, previous studies have shown that visual temporal resolution increases during motor preparation periods ([@B17]) and that voluntary movement changes the timing and duration perceptions of later stimulus ([@B16]; [@B32]; [@B19]). Furthermore, studies have demonstrated that words meaning vertical space ([@B1]) and/or vertical attentional cueing ([@B30]; [@B35]) prospectively facilitated classification of emotional words with valence metaphorically corresponding to space primed by the preceding words/cues. Thus, one might hypothesize that vertical bodily movements may be able to prospectively modulate later emotional processing. However, our results reject this hypothesis. Methodological differences between the previous and present studies might explain the lack of prospective effect of the space--valence metaphorical correspondence. Manual movements themselves seem to be able to activate the representation of space--valence metaphorical correspondence, according to [@B36] and the present study, although the effect may be limited to be retrospective. Thus, the difference between metaphorical priming by arm movements, words ([@B1]), and attentional cueing (e.g., [@B35]) cannot solely explain the lack of prospective effect in the present study. However, previous experiments have employed speeded discrimination of emotional valence of words ([@B30]; [@B35]; [@B1]), whereas we employed non-speeded rating of valence of images. Therefore, a longer time for non-speeded rating than for speeded discrimination might have decayed the effect of previous manual movements and/or the metaphorical representation activated by them. This could be indirectly supported by the results of Experiment 2, indicating the requirement of temporal proximity between action, stimulus, and rating for the *retrospective* effect.

Retrospective or postdictive ([@B40]) phenomena have been characterized by low-level visual and tactile processing, such as flash lag ([@B11]) and cutaneous rabbit effects ([@B14]), in which subsequent sensory information overwrites past sensory, perceptual experience. [@B36] added a new postdictive effect regarding emotional modulation by metaphorical bodily movements, and the present study supported this effect. The mechanisms underlying this retrospective emotional modulation remain unclear but may be different from those of the above perceptual illusions. At the inferential evaluation stage (e.g., valence rating), metaphorical information activated by bodily movements might be implicitly used for causal inference for past experience ([@B43]) and consequently modulate valence rating.

Temporal Proximity Among Visual Experience, Action, and Evaluation
------------------------------------------------------------------

Experiment 2 examined the conditions necessary to modulate retrospectively past visual emotional experiences by bodily movement corresponding to the space--valence metaphor. Given the absence of prospective effects in Experiment 1, we speculated that, when recalling and evaluating the perceived emotional valence of visual stimulus, manual movement temporally close to the recollection and evaluation might have effects on them but not on the preceding visual experience itself. Indeed, manual movement corresponding to space--valence metaphor, performed simultaneously with recollection, enhances retrieval of emotional memories ([@B6]). However, in a condition with temporal interval of 2 s between emotional images and the subsequent vertical manual movements, there was no effect on the perceived valence of the images ([@B36]), suggesting that temporal proximity between manual movements and the subsequent evaluation *per se* is not necessary for the retrospective effect. Thus, Experiment 2 tested the other two possibilities. First, temporally proximate visual and motor information (i.e., stimuli and manual movements) would be bound at the following stage of evaluation (i.e., valence rating), resulting in a biased recollection of the perceived valence of visual stimuli. Second, temporal proximity between stimuli, movements, and evaluation is essential. To investigate these possibilities, temporal proximity between visual stimulus and manual movement or between manual movement and evaluation was manipulated by inserting a temporal interval of 2 s. The results showed that, in both conditions, the influence of vertical manual movements was nullified, supporting the second possibility: metaphorical manual movement retrospectively affects the perceived valence of visual stimuli only when all stimuli, movements, and evaluation are temporally proximate. Nevertheless, it remains unclear which of the temporal proximities, whether that between stimulus and movements or between movements and evaluation, were more crucial. To answer this, future investigation may need to manipulate separately various amounts of temporal delays between visual stimuli, manual movements, and evaluation.

Anisotropy of the Effects of Vertical Movements
-----------------------------------------------

Different effects of upward and downward manual movements were suggested. In the retrospect condition of Experiment 1, the effect of manual movements corresponding to space--valence metaphor was induced only by the downward movement (i.e., images were rated as more negative), potentially suggesting a negativity bias ([@B34]). Negative events tend to elicit more causal attribution and reasoning in individuals compared with positive events ([@B3]), and negative feedback of one's voluntary action retrospectively distorts time perception more than positive feedback does ([@B41]; [@B45]). Such negativity bias may potentially explain our results: only downward movement metaphorically activating negative valence modulates the perceived emotional valence. However, as such negativity bias was not observed in [@B36], care should be taken when interpreting our results. As the other possible explanation, in upward conditions, the participants moved the joystick in the direction opposite to gravity by raising their hands from the height of their shoulder. Hence, this may have caused difference in mobility between upward and downward movements. If so, difficulty to move upward, not negativity bias, might have canceled out the positive effect of the upward movement. Several studies have reported positivity but not negativity biases, suggesting that the effect of metaphorical correspondences between positive emotional valence and upward location and movement can be stronger than that of negative--downward correspondences ([@B8]; [@B24]; [@B15]; [@B28]; [@B44]; [@B9]; [@B37]). For example, positive face presented at the top of a screen can be detected faster than when presented at the bottom, but there was no such metaphor congruency effect for negative face ([@B9]). In addition, the subsequent manual movement with a joystick is more strongly biased upward by a positive image than downward by a negative image ([@B37]). Further, horizontal saccadic trajectory deviates upward after the observation of a positive word; however, a negative word does not affect the saccade ([@B15]). Based on these studies and our results, the effect of space--valence metaphorical correspondence may be task-independent (i.e., perceptual processing, bodily and eye movements), but potentially dependent on movement parameters. We speculate that kinematic characteristics of vertical manual movements and their entailing physical and/or cognitive loads might affect the metaphor congruency effect; consequently, a positivity bias may decay and change to negativity bias in our Experiment 1. Further investigations are needed to explore requirements for the emergence and switching of the two biases.

In our experiments, as in a previous study ([@B36]), the leftward and rightward conditions were regarded as the baseline horizontal condition, in which the effect of space--valence metaphor does not appear. However, the space corresponding to one's dominant hand (e.g., right for right-handers) and the stimulus presented there are felt and considered as more positive than the opposite side ([@B5]; [@B10]; [@B29]). Hence, our participants (all right-handed) may have rated the rightward condition more positively compared with the leftward condition. Furthermore, as positive values were displayed on the right side of the valence rating scale, the rightward manual movement might have primed the participants to attend rightward ([@B7]), consequently causing bias to the participants' responses toward positive (right-sided) values, and vice versa. However, our results indicated no difference in valence rating between the rightward and leftward conditions, suggesting that biases attributable to hand-dominance and priming by the movement--scale correspondence were not strong enough to alter the valence rating, and this was consistent with the previous study ([@B36]). Another recent study has also shown no effect of the horizontal location of a visual stimulus on emotional processing ([@B44]). Nevertheless, we cannot rule out the potential, selective effect of horizontal movements on stimuli with corresponding emotional valence (e.g., rightward movement on positive stimuli), although our experimental design with its relatively small number of trials may be insufficient to statistically test this possibility by making comparisons between emotional image categories. Moreover, a few participants in our study reported having slight difficulty moving the joystick rightward. This difficulty might also have canceled out the potential effects of the rightward movements. Therefore, detailed future studies are required to elucidate not only the "anisotropy" of the metaphorical effects of vertical and horizontal bodily movements on emotional processing but also the potential effects of mobility, gravity which affects visuomanual processing ([@B38]), and their accompanying physical loads.

Conclusion
==========

This study suggests that vertical bodily movement corresponding to space--valence metaphor (e.g., down--negative) retrospectively, but not prospectively, alters the perceived emotional valence of visual stimuli. This effect requires temporal proximity between the stimuli, bodily movement, and evaluation. Given the modulation only by downward movement found in Experiment 1, mechanisms underlying the potential anisotropy in movement direction and/or space--valence metaphor should be investigated in future studies. Finally, examining the modulation of emotional processing by bodily movement in affective disorders, such as alexithymia ([@B42]), might be a fruitful research direction for clinical application.
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